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Abstract – The paper deals with localization of 
sources of harmonics in a power system. At the 
beginning, the reasons for undertaking investi-
gations are outlined. Then, the theoretical back-
ground of the presented method is presented. 
The method uses examination of the so-called 
voltage rate to localize the dominant harmonic 
source. During this examination it is assumed 
that (i) the voltage and current at the point of 
common coupling are measured, (ii) at the first 
stage internal impedances of equivalent sources 
representing the customer and utility sides are 
known, (iii) at the second stage only approxi-
mate knowledge of the mentioned impedances is 
possessed. After the principle of the method is 
described, features of the method are analyzed. 
At the end, the attention is paid to the main ad-
vantages of the method. 
                                                                                                                                                  
1. INTRODUCTION 
In last years several papers dealing with localiza-
tion of harmonic sources have been published, 
e.g. [1] – [14]. In these papers different approaches 
are considered. The features of these approaches 
are discussed in [4], [5], [7]. The most often util-
ized approach has been one based on the examin-
ing active power direction (or equivalent one based 
on the examining current direction) [4], [5], [7]. 
However this approach is not reliable in many 
cases [14], [13]. Also the relatively new approach 
based on utilization of so-called 'Critical Imped-
ance' ('Critical Admittance') [6] gives an incorrect 
decision in certain situations [5], [7]. Without 
doubt the approach based on knowledge of the in-
ternal impedances (admittances) of equivalent 
sources representing the customer and utility sides 
is the theoretically sound but determination of the 
mentioned impedances (admittances) is not easy 
and costly, e.g. [11]. Some of results of efforts to 
find the method, which is not so demanding as the 
method based on the last mentioned approach and 
which does not lead to incorrect decisions, are pre-
sented in this paper. In the paper the idea of utiliza-
tion of the voltage rate for localization of harmonic 
sources [10] is developed, assuming approximate 
knowledge on the internal impedances of equiva-
lent sources representing the customer and utility 
sides. The investigations show that such idea al-
lows to obtain the advantageous method for local-
ization of sources of harmonics in a power system. 
2. THE IDEA OF THE SOLUTION TO THE 
PROBLEM 
In the paper [10] the problem of localization of the 
dominant harmonic source generating harmonics 
observed in current is solved using the so-called 
voltage rate. This idea is taken into account also in 
this paper. As in [10], the general assumptions for 
the presented consideration are: 
1. The distortion of the current at the Point of 
Common Coupling (PCC) (see fig. 1) is con-
sidered. 
Fig. 1. The equivalent circuit for the harmonic 
analysis. 
Iu 
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2. A solution of the problem of localization of the 
dominant harmonic source is sought. 
3. The utility and customer sides are represented 
by their Norton equivalent circuits as shown in 
fig. 1. Sources U represents the utility side, 
Sources C represents the customer side. Ic and 
Iu are the customer and utility harmonic source 
currents respectively. Yc and Yu are the cus-
tomer and utility harmonic admittances respec-
tively. 
4. One measures the voltage V and the current I 
at the point PCC 
The above assumptions are the same as in the 
method based on ‘Critical Impedance’ Criterion 
[6]. 
Considering the mentioned voltage rate  
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one can take a decision on localisation of dominant 
harmonic source using the following criterion 
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where  
Dc, Dn, Du -  decisions 'Source C is dominant', 
''Source U is dominant' and neutral decision 
(i.e. lack of a decision regarding domination 
of Source C or Source U) respectively. 
 
The voltage rate θV  can be determined, when Ec 
and Eu are known. To calculate the magnitudes Ec, 
Eu one should have the admittances Yc, Yu. Having 
Yc, Yu and I, V, one can calculate Ic, Iu, Ec, Eu and 
Ec, Eu.  
In the paper the additional assumptions are consid-
ered: 
1. For the time-instant t apart from the values V 
and I also the admittances Yc and Yu are 
known. 
2. For the time-instant t1 only the values V and I 
are known but the admittances Yc and Yu are 
not. 
For the time-instant t1 the values V, I, Yc, Yu are 
denoted by V1, I1, Yc1, Yu1. 
For the time-instant t the rate θV  can be exactly 
calculated and the decision on localisation of 
dominant harmonic source can be taken. Other 
situation is for the time-instant t1. At this time-
instant the rate θV  can be expressed by the formula  
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u
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1 , (3) 
where: 
1IZZIVE ccc ∆+∆+∆=∆ , (4) 
1IZZIVE uuu ∆−∆−∆=∆ , (5) 
ccc ZZZ ∆−=∆ 1 , 
uuu ZZZ ∆−=∆ 1 , 
VVV −−=∆ 1 ,  
III −=∆ 1 . 
 
In (3) ∆Ec and ∆Eu cannot be calculated because of 
∆Zc and ∆Zu are not known. If areas of changes of 
Zc1 and Zu1, i.e. areas of changes of ∆Zc1 and ∆Zu1 
are determined then only assessing of extreme val-
ues of the rate θV  is possible. In this situation for 
the time-instant t1 the decision on localisation of 
dominant harmonic source can be taken using the 
following criterion 
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where  
θV1min, θV1max - the minimum and maximum values 
of the rate θV1 respectively. 
 
Taking decision on localisation of dominant har-
monic source with use of an analysis of extreme 
values of the rate θV  is described in [10]. However 
in  [10] and in this paper the used formulas are dif-
ferent. In [10] the following formula is considered: 
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u
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where 
V
IZ = . 
 
In this paper it is shown that utilization of the for-
mula (3) gives the better results. 
For the purpose of assessing the rate θV defined by 
the formula (3) the areas of changes of Zc and Zu 
are determined under assumptions (see fig. 2): 
A1. The changes αx1 are in the range 
[αx min, αx max], where αx min, αx max are mini-
mum and maximum values of αx, 
αx min, αx max ∈ [-90°, 90°], x ∈ {c, u}. 
A2. Relation Zx1/Zx is in a range, which can be ob-
served in a power system. This statement me-
ans that Zx1 ∈ [Zx min, Zx max], where Zx min, 
Zx max are minimum and maximum values of 
Zx. 
3. THE PRINCIPLE OF THE METHOD  
Stage A - the time-instant t 
A.1. Making measurements of the admittances Zc, 
Zu. 
A.2. Making measurements of the voltage V and 
the current I at the point PCC. 
A.3. Using V and I, calculation of Z. 
A.4.  Calculation of the voltage rate θV  from (7). 
A.5. Using the criterion (2), taking a decision on 
localisation of dominant harmonic source. 
Stage B - the time-instant t1 
B.1. Making measurements of the voltage V1 and 
the current I1 at the point PCC. 
B.2. Using V1 and I1, calculation of Z1. 
B.3. Using knowledge on possible differences of 
Zc1 - Zc, Zu1 – Zu and αc1 - αc, αu1 - αu, calcula-
tion of extreme values of the rate θV1 defined 
by (3).  
B.5. Using the criterion (6), taking a decision on 
localisation of dominant harmonic source. 
Problem of calculation of extreme values of the 
rate θV1 is considered in Appendix. 
4. ANALYSIS OF THE LOCALIZATION DE-
CISIONS 
A consequence of the principle of the method is 
that the incorrect decisions are never taken. This is  
the most important feature of the method.  
In order to better recognize the features of the 
method the probabilities of taking different deci-
sions (i.e. correct decisions and neutral decisions) 
have been investigated. Some of the results of 
these investigations are presented in fig. 3 and 
fig. 4. 
During the mentioned investigations the following 
assumptions have been taken:  
1. The equivalent circuit of the power system is 
as in fig. 1. 
2. u.p.e1 j0=uE , u.p.e1 ujα=uZ  
3. One considers the changes of Ec, δEc, Zc, αc, αu, 
where: Eccc E
δ= jeE , cje α= cc ZZ ;   
the ranges of the quantities Ec, δEc, Zc, αc, αu are 
following:   
0.1 ≤ Ec ≤ 10,  -180° ≤ δEc ≤ 180°, 
0.1 ≤ Zc ≤ 10,  -90° ≤ αc ≤ 90°,   
-90° ≤ αu ≤ 90°. 
4. The new state for the time-instant t1 is mod-
elled by changing voltage V at the point PCC 
and values ∆Z. The ranges of the changes are 
as follows:   
0 ≤ ∆V ≤ 10,  -180º≤ ∆δ∆V ≤ 180º, 
0 ≤ ∆Z ≤ 10,  -180º≤ ∆α∆Z ≤ 180º,  
where:  ( ).e ∆V j δ∆+δ∆=∆ VVV ,  
 ( )ZZZ ∆ je α∆+α∆=∆Z .  
5. There are fulfilled the following conditions: 
0 ≤ ∆Zc ≤ 10,  -180º≤ ∆α∆Zc ≤ 180º, 
0 ≤ ∆Zu ≤ 10,  -180º≤ ∆α∆Zu ≤ 180º,  
where:   
( )ZcZc
cc Z ∆
 je α∆+α∆=∆Z ,  Fig. 2. Definition of an area of the acceptable 
changes of the admittance Zx x ∈ {c, u}. 
Zx max
Zx min 
Re (Zx) 
Im (Zx) 
αx min 
αx max 
     αx Zx 
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( )ZuZu
uu Z ∆
 je α∆+α∆=∆Z   
and the assumptions A1, A2 from section 2.  
6. For the time-instant t1 the ranges of changes of 
the modules and the phase angles of the im-
pedances Zc and Zu are described by factors 
KZc1, Kαc1, KZu1, Kαu1   
(Zx max – Zx1 = Zx1 - Zx min = KZx1Zx,   
αx max - αx = αx - αx min = Kαx1). 
7. Examination of the probability of taking deci-
sions Dc, Du on localization of dominant har-
monic sources is made. This probability is de-
termining as follows 
  
n
np cc = ,  
where  
nc, - the number of cases of taking decisions 
different from the neutral decisions,  
n  - is the number of all analyzed cases.  
It should be underlined, that the probability pc is 
the probability of taking correct decisions on local-
ization of dominant harmonic sources.  
During the test calculations the probability pc never 
achieves the value 1. The reason is that during 
these calculations there are many cases when 
equivalent parameters of Source C and Source U 
are the same, and only the neutral decisions can be 
taken.  
The results of examination, which are presented in 
Fig. 3, clearly show that the larger areas of accept-
able changes of impedance Zc1 and Zu1 (i.e. the 
wider range of acceptable changes of modules or 
the wider range of acceptable changes of phase an-
gles of the impedances) the lower the probability 
pc.  
Generally, the utilization of the rate θV defined by 
formula (3) (i.e. the utilization of the two-stage 
method) leads to better results than the utilization 
of the rate θV  defined by formula (7) (i.e. the utili-
zation of the one-stage method) under assumption 
of approximate knowledge on the internal imped-
ances of equivalent sources representing the cus-
tomer and utility sides. It can be observed, consid-
ering the results of the investigation presented in 
fig. 4.  
Fig. 3. Probability pc versus Yc for a) Kαc1 = Kαu1 = 10°, b) Kαc1 = Kαu1 = 30°, c) Kαc1 = Kαu1 = 60°,  
c) Kαc1 = Kαu1 = 90° 
   KYc1 = KYu1: 10%             25%           50% 
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In fig. 4 the rate kI-II is utilized. This rate is defined 
as follows: 
 
cII
cIcII
III p
ppk −=− 100 , (8) 
where: 
pcII, pcI - probabilities of taking correct deci-
sions, when the 2-stage method and the 1-
stage method are used respectively. 
 
The rate kII-I is in percents.  
Especially large differences between results of the 
two-stage method and the one-stage method are for 
the larger rates of KZx1 and Kαx1. 
5. FINAL REMARKS 
1. The described method is a one-point method 
for localization of dominant harmonic source. 
It requires measurements of the harmonic volt-
age and harmonic current at the point PCC. At 
the first stage, the method requires additionally 
determination of internal impedances of 
equivalent sources representing the customer 
and utility sides.  
2. The presented method eliminates taking the in-
correct decisions regarding localization of the 
dominant harmonic source. It is a characteristic 
feature of the method. 
3. The method is more effective than the one-
stage method, especially when an areas of pos-
sible changes of the of internal impedances of 
equivalent sources representing the customer 
and utility sides are larger. 
4. The calculations required by the method are 
more complex than in the case of the one-stage 
method. 
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APPENDIX: CALCULATION OF EXTREME 
VALUES OF THE RATE θV1 
The rate θV1 is a function of ∆Zc and ∆Zu. It should 
be noted that the voltage Ec1 only depends on ∆Zc 
and the voltage Eu1 only depends on ∆Zu. In this 
situation one can separately find the extreme val-
ues of Ec1 and Eu1, and then calculate the extreme 
values of the rate θV1, using formulae  
 
max
min
1
1
min1
u
c
V E
E=θ ,    (9) 
 
min
max
1
1
max1
u
c
V E
E=θ . (10) 
 
A set of points, which should be taken into ac-
count, seeking the extreme values Ex1min and Ex1max, 
where x ∈ {c, u}, is as follows: 
S 1. 
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and (16). 
 
The formulae for the points S 1 results from the 
necessary conditions for existence of extremes of 
Ex without constraints. The other formulae results 
from the necessary conditions for existence of ex-
tremes of Ex with constraints. These constraints are 
as follows: 
- in the case of the points S 2 
 minxx ZZ =   (18) 
 or 
 maxxx ZZ =  (19) 
 
- in the case of the points S 3 
 minαα xx = , (20) 
 or 
 maxαα xx = . (21) 
 
- in the case of the points S 4 – one of the con-
straints (18), (19) and one of the constraints 
(20), (21). 
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